Background: Studies have shown that specific characteristics of prevalent vertebral fractures are associated with a
F ragility fractures have increased in number during the last decades 1 . Because patient age is an important risk factor for fracture, this increase could at least partly be related to the increasing proportion of elderly people [2] [3] [4] . Vertebral fractures are also common, with a reported prevalence of 12% or 20% depending on criteria used to define vertebral deformity in both men and women who are fifty to seventy-nine years of age 2 . The ten-year probability of men sustaining a new vertebral fracture is 3% at the age of fifty years and 8% at the age of eighty-five years 5 .
It is therefore imperative to identify high-risk individuals in
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order to initiate preventive strategies. Among the known risk factors are old age 5 , low bone mineral density 6 , and a previous vertebral fracture 7 . A prevalent vertebral fracture predicts not only incident vertebral fractures 8 , but also all types of fractures 7, 9 . A prevalent vertebral fracture is defined as a fracture that exists at a discrete point in time. An incident vertebral fracture is defined as a fracture that has occurred between two points in time 10 . Twenty-two percent to 33% of individuals with a vertebral fracture present for medical attention [11] [12] [13] , and only 20% of postmenopausal women 14 and 10% of elderly men 15 with a prevalent vertebral fracture are actually aware of the fracture. All types of vertebral fractures, including those not receiving medical attention, predict low bone mineral density and incident fractures 7, 9 . Specific characteristics of prevalent vertebral fractures also seem to be associated with markedly low bone mineral density 16, 17 . It is therefore plausible that the same characteristics also might predict future incident fractures.
We hypothesized that certain characteristics of prevalent vertebral fractures in elderly men could predict new fractures. We specifically asked if numbers, types, localizations, and/or degree of vertebral body compression of a prevalent vertebral fracture could be used to identify individuals with especially high risk of sustaining new fractures.
Materials and Methods

M rOS (Mister Osteoporosis)
Sweden is a population-based, prospective, observational, multicenter cohort study with the aim of evaluating risk factors for osteoporosis and fractures in community-dwelling older men. The study design was reported in detail in previous publications [18] [19] [20] . In summary, communityliving men who were sixty-nine to eighty-one years of age were randomly selected from the national population register and were invited to participate by mail. The evaluated cohort includes 3014 men (1010 in Gothenburg, 1005 in Malmö, and 999 in Uppsala), a participation rate of 45%. To be included, the men had to be community living, able to give informed consent, and able to walk without assistance. A previous fracture was not an exclusion criterion.
Height and weight at inclusion were measured by standard equipment 18, 19 . We performed two consecutive measurements of height and used the mean of these. In the case of a discrepancy of ‡5 mm between the measurements, we performed a third measurement and used the mean of the two nearest values. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). The men were also asked to self-report their height at twenty-five years of age. Height loss was then calculated as the difference between the men's recalled height at twenty-five years of age and the measured height at baseline. All men in Malmö and half of the men in Gothenburg were offered a standard lateral radiographic examination of the thoracic and lumbar regions, and 1453 men (988 in Malmö and 465 in Gothenburg) accepted this examination. Twenty-six patients were excluded as their radiographs could not be read from the fourth thoracic vertebra to the fifth lumbar vertebra. As a result, radiographs of 1427 patients were classified for prevalent vertebral fractures by a senior radiologist. Fractures were evaluated by an expert radiologist according to the modified semiquantitative method developed by Genant et al. 21 . The examiner determined the vertebral shape and any degree of reduction in vertebral height in the anterior, middle, and/or posterior dimension and classified any abnormal form as a fracture if visual inspection and measurements indicated a reduction in vertebral height and/or compression of ‡10% when other causes of the deformity, such as Scheuermann disease, were excluded 22 . The reproducibility of the method for the diagnosis of vertebral fracture has been reported to be high, with intraobserver agreement of 93% to 99% and interobserver agreement of 90% to 99% [23] [24] [25] . In our sample on prevalent vertebral fractures, the intraobserver agreement between two readings was 93% (kappa, 0.85), calculated on fracture and non-fracture dichotomy on eighty sets of radiographs.
For a fractured vertebra (index vertebra), the radiologist measured the anterior, middle, and posterior heights, which were compared with estimates of the normal height derived by the mean height of the first adjacent normal vertebrae cranially and caudally (reference vertebrae). In cases with a fracture in the fifth lumbar vertebra, we only used the fourth lumbar vertebra as reference and correspondingly used only the fifth thoracic vertebra as reference for fractures in the fourth thoracic vertebra. Fractures were classified as the wedge type if the anterior height was most compressed and the posterior height was unaffected, as the uniconcave or biconcave type (in this study referred to as the biconcave type) if the middle height was most compressed and the anterior and posterior heights were unaffected, and as the crush type if the compression involved the entire vertebral body 21, 26, 27 ( Fig. 1 ).
We then repeatedly screened the digital radiography archives in our regions so that each individual was followed for ten years after baseline so as to be able to include only objectively registered incident fractures. We used the Swedish security code to search in the digital radiography archive in Malmö, Gothenburg, and Uppsala for the screening process. All men with baseline radiographs (n = 1427) were included and were then followed for approximately ten years or until they died or moved out of the region (n = 531). By this design, we followed 1234 men for five years and 714 men for ten years. We also sent a postcard to the participants every four months on which we asked questions with regard to falls and fractures. If a patient reported a fracture, we checked this report against our screening result so as to only include objectively verified fractures. In the few individuals who reported undergoing radiography outside the region, we ordered the radiographs from that hospital and first included a new fracture if we could objectively verify the fracture on the radiograph. To be registered with a fracture during the follow-up period, all patients had to have a radiograph that objectively verified the fracture when the participants sought hospital care after an episode of trauma. That is, no preplanned radiographs without clinical symptoms were included when defining new fractures. Osteoporotic fractures were defined as fractures of the wrist, proximal part of the humerus, vertebrae, pelvis, hip, or tibial condyles. Hip fractures included cervical, trochanteric, and subtrochanteric femoral fractures.
The current study was approved by the local ethics committee, the radiographic committee, and the institutional review board at each center. All participants gave written informed consent before the start of the study. The study was performed in accordance with the Declaration of Helsinki. We used the Statistical Package for the Social Sciences (SPSS, version 19; IBM) for statistical calculations. Data are presented as numbers and proportions for categorical variables and as means with standard deviations or means with 95% confidence intervals (95% CIs) for continuous variables. For estimation of annual fracture incidences with and without adjustment for the number of prevalent fractures, we used Poisson regression. The relative risk for incident fractures was estimated for men with different *Radiographically verified new fractures were registered up to ten years after the baseline. †NA = not applicable. ‡The values were given as the mean, with the 95% CI in parentheses. §Three men with only crush fractures were excluded. #Men without prevalent vertebral fractures were used as the reference for the estimates of relative risk. **Group differences were estimated by Poisson regression. Differences were significant at p < 0.05. † †Osteoporotic fractures were defined as fractures of the wrist, proximal part of the humerus, vertebrae, pelvis, hip, and tibial condyles.
characteristics of the prevalent vertebral fractures utilizing the men without any prevalent baseline vertebral fracture as reference. Significance was set at p < 0.05.
Results
A mong the 1427 included men, 80% were married, 48% had no higher education, 8% were immigrants, 9% had diabetes, 7% had had a stroke, 8% had pulmonary disease, 16% had a history of malignancy, 26% had vertigo, and 16% had sustained a fall during the preceding year. The only significant difference in demographic characteristics or comorbidity when comparing men with a baseline fracture and those without was that there were more men who fell among those with a prevalent vertebral *Radiographically verified new fractures were registered up to ten years after the baseline. †NA = not applicable. ‡Data are provided as the mean with the 95% CI in parentheses. §Men without prevalent vertebral fractures were used as reference for estimates of relative risk. #Group differences were estimated by Poisson regression. Differences were significant at p < 0.05. **Osteoporotic fractures were defined as fractures of the wrist, proximal part of the humerus, vertebrae, pelvis, hip, and tibial condyles. 
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fracture than among those without a prevalent vertebral fracture (p < 0.05). There were 215 (15.1%) of the 1427 men with at least one prevalent vertebral fracture. Independent of the number of fractures (Table I) , type of vertebral fracture (Table II) , localization of vertebral fracture (Table III) , and/or degree of vertebral body compressions (Table IV) , men with any prevalent vertebral fracture had a higher annual incidence of sustaining all types of new fractures, osteoporotic fractures, hip fractures, and vertebral fractures compared with men without vertebral fracture.
At the baseline examination, among men with any prevalent vertebral fracture, the risk was especially high for two or more prevalent vertebral fractures (p < 0.001) (Table I) , different types of vertebral fractures (p < 0.001) (Table II) , vertebral fractures in both the thoracic and lumbar regions (p < 0.001) (Table III) , and vertebral body compression of ‡27% (any of the three worst quartiles) (p = 0.001) ( Table IV) . The higher risks in these subgroups remained after adjustment for the number of prevalent vertebral fractures at baseline (Tables II through IV) .
During the first five years following baseline, the relative risk for sustaining incident fractures in men with vertebral fractures (compared with men with no vertebral fracture) was 3.3 (95% CI, 2.6 to 4.3) for any new fractures, 4.7 (95% CI, 3.5 to 6.3) for osteoporotic fractures, 2.9 (95% CI, 1.5 to 5.5) for hip fractures, and 7.2 (95% CI, 4.8 to 10.9) for vertebral fractures. During the same period, the relative risk was 2.1 (95% CI, 1.4 to 3.0) for men with only one vertebral fracture, 5.5 (95% CI, 3.7 to 7.8) for men with two or more vertebral fractures (Table I) , 5.7 (95% CI, 3.6 to 8.5) for men with different types of vertebral fractures (Table II) , 6.4 (95% CI, 4.6 to 8.9) with vertebral fractures in both the thoracic and lumbar regions (Table III) , and 4.0 (95% CI, 2.6 to 5.9) for men with a vertebral body compression in the worst quartile (Table IV) . The predictive ability remained but was slightly attenuated when evaluating incident fractures during the ten years following the baseline examination (Tables I through IV) . The mean height loss (and standard deviation) from when the men were twenty-five years old was 2.6 ± 2.4 cm at baseline. Men with a height loss of ‡7.4 cm at baseline had a relative risk of 6.4 (95% CI, 4.0 to 9.9) for sustaining incident fractures during the first five years following baseline compared with men with a height loss of £2.6 cm (p < 0.05).
Discussion
F ifteen percent of older, community-living men in our study had at least one prevalent vertebral fracture. We found, in line with previous reports, that prevalent vertebral fractures do predict incident fractures, osteoporotic fractures, hip fractures, and vertebral fractures in both five-year and ten-year perspectives. However, we also found that men with two or more prevalent vertebral fractures, different types of prevalent vertebral fractures, prevalent vertebral fractures in both the thoracic and lumbar regions, and/or fractures with a degree of the vertebral body compression in the three worst quartiles are at an especially high risk for incident fractures. If all men with a prevalent vertebral fracture cannot be referred for further fracture risk evaluation and preventive efforts, this should at least be done for those with the certain risk characteristics reported in this study.
In our study, the prevalence of vertebral fractures was lower than the 13% to 26% prevalence reported in Caucasian men 3, [27] [28] [29] and the 17% to 27% prevalence reported in Swedish men two decades ago 2 . This difference could at least partly be because Scheuermann disease was not considered in the European Vertebral Osteoporosis Study 2 , which could result in overestimation of prevalence. In many other aspects, our findings resemble those in the literature in that the prevalence of vertebral fractures increases with age 2, 3, [30] [31] [32] [33] , that most men have only one vertebral fracture 27, 33, 34 , that the prevalence is lower in men than in women 2, 3, 21, 35 , and that fractures are more common in the thoracic region than in the lumbar region 11, 27, 34 . Even if many vertebral fractures confer only minor clinical symptoms 11 , leading many patients to never seek medical advice at the time of fracture 4, 36 , prevalent fractures are clinically relevant because they are predictive of new fractures 6, 16, 37 . For example, women with a prevalent vertebral fracture have a five times higher risk of sustaining a new vertebral fracture, with the risk increasing with both the number of prevalent vertebral fractures and the degree of vertebral body compression 16, 17, 38 . We found a higher incidence of not only new vertebral fractures but all types of fractures in men with a prevalent vertebral fracture compared with men without a prevalent vertebral fracture. However, because a prevalent fracture is a common entity, not all regions and countries have the resources to evaluate the fracture risk for all patients who are found to have a prevalent vertebral fracture. Our study indicates that we could improve the targeting by identifying subcohorts with special need of prevention. This is most important in the clinical situation, as many medical doctors such as orthopaedic surgeons order spine radiographs for patients with a variety of spine disabilities, often accidentally finding a prevalent vertebral fracture 39 . When such a fracture is found, the need for a prophylactic bone health evaluation should always be discussed with the patient, especially if he or she was found to have two or more prevalent vertebral fractures, a different type of fracture, fractures in both the thoracic and lumbar regions, and fractures with a degree of vertebral body compression in the three worst quartiles.
The strengths of this study include the population-based study design, the high follow-up rate, the large sample size, the long duration of follow-up, the objective identification of both prevalent vertebral fractures and new incident fractures, and the high intraobserver agreement for radiographic evaluation. The limitations include the risk of selection bias at baseline and the risk of type-II errors in the subgroup analyses. The semiquantitative grading of spine radiographs may also lead to different results compared with the separate grading of each vertebral body 21 . It would have also been advantageous to have had data for both men and women (because osteoporosis may be more prevalent in the older female population), men living in nursing homes, men with different ethnic backgrounds, men living in different countries, and men living under different socioeconomic circumstances, as in this study we can only draw conclusions with regard to elderly, community-living men in Sweden. We also acknowledge that there may have been factors that affected the data. However, the purpose of this study was to prospectively evaluate our hypothesis in community-living, elderly men. Therefore, it was inevitable that other diseases would develop that might have affected the outcome. Moreover, our study may have been subject to recall bias with regard to the men's height at twenty-five years of age.
We conclude that 15% of community-living Swedish men who are sixty-nine to eighty-one years of age have at least one prevalent vertebral fracture and that a prevalent vertebral fracture can be used to predict all types of new fractures, osteoporotic fractures, hip fractures, and vertebral fractures, both in five-year and ten-year perspectives. The risk of sustaining incident fractures is especially high in men with two or more prevalent vertebral fractures, different types of vertebral fractures, vertebral fractures in both the thoracic and lumbar regions, and a fracture with a degree of compression in the three worst quartiles. All men with a prevalent vertebral fracture should be referred to screening for prophylactic fracture interventions, especially men in the high-risk groups identified in this study. n 
